The nuclear isotropic shielding constants ͑ 17 O͒ and ͑ 13 C͒ of the carbonyl bond of acetone in water at supercritical ͑P = 340.2 atm and T = 673 K͒ and normal water conditions have been studied theoretically using Monte Carlo simulation and quantum mechanics calculations based on the B3LYP/ 6-311+ + G͑2d ,2p͒ method. Statistically uncorrelated configurations have been obtained from Monte Carlo simulations with unpolarized and in-solution polarized solute. The results show that solvent effects on the shielding constants have a significant contribution of the electrostatic interactions and that quantitative estimates for solvent shifts of shielding constants can be obtained modeling the water molecules by point charges ͑electrostatic embedding͒. In supercritical water, there is a decrease in the magnitude of ͑ 13 C͒ but a sizable increase in the magnitude of ͑ 17 O͒ when compared with the results obtained in normal water. It is found that the influence of the solute polarization is mild in the supercritical regime but it is particularly important for ͑ 17 O͒ in normal water and its shielding effect reflects the increase in the average number of hydrogen bonds between acetone and water. Changing the solvent environment from normal to supercritical water condition, the B3LYP/ 6-311+ + G͑2d ,2p͒ calculations on the statistically uncorrelated configurations sampled from the Monte Carlo simulation give a 13 C chemical shift of 11.7Ϯ 0.6 ppm for polarized acetone in good agreement with the experimentally inferred result of 9 -11 ppm.
I. INTRODUCTION
Water in supercritical ͑SC͒ conditions may exhibit physical and chemical properties that are very different from those under normal conditions of temperature and pressure.
1,2 In the SC regime, the usual solvation properties of water are altered and understanding the properties of supercritical water ͑SCW͒ is of industrial and academic interests. Structural properties of SCW have been extensively studied using different experimental procedures [3] [4] [5] [6] [7] [8] [9] as well as computer simulation with different molecular models. [10] [11] [12] [13] [14] [15] [16] [17] [18] A central aspect in this discussion is the change in the hydrogen bond network compared to the situation in normal water. There is a reduction in the number of hydrogen bonds 8 and the tetrahedral ordering of the water molecules, a characteristic of the ambient conditions, is missing in the supercritical regime where the density is decreased. 7, 9 Thus, in conditions of high temperature and pressure, the intermolecular interactions between a solute molecule and the environment can be substantially affected and the properties of a reference solute molecule can be used as a probe of the environment. Among the molecular properties, the nuclear shielding constants are very sensitive to changes in the environment and the solvent shift of the shielding constants of a solute molecule constitutes a very useful parameter for probing local modifications of intermolecular interactions in solution. [19] [20] [21] [22] [23] [24] [25] The local magnetic field on the atomic nucleus generated by the response of the electronic structure to an external magnetic field is affected by the solvent. This effect is of great interest in normal fluids but only limited knowledge is available for SC fluids and SCW. The present work addresses a theoretical description of the isotropic shielding constants of acetone in SCW. We focus on the carbonyl C v O bond and theoretically analyze the isotropic shielding ͑ 13 C͒ and ͑ 17 O͒ and the participation of the hydrogen bonds between the solute and the solvent in SCW. We consider acetone immersed in a liquid environment where the thermodynamic conditions are specified by the temperature and pressure. To give a consistent picture we consider both the supercritical and the normal water ͑NW͒ conditions. In normal condition, it is known that the solute-solvent hydrogen bonds and the solute polarization by the solvent are important components of the total chemical shift. Because of the limited number of theoretical studies, these contributions in the SC condition are not well known, although it seems reasonable to assume that it is less important because of the reduced number of solute-solvent hydrogen bonds and the decrease in the density of the fluid in this case. To make this point clear, we pay particular attention to the contribution of the hydrogen bonds and the solute polarization for describing the isotropic shielding constants of acetone in SCW conditions.
The theoretical description of solvent effects on the electronic properties of a reference system can be based on continuum [26] [27] [28] [29] [30] [31] [32] and discrete [33] [34] [35] [36] solvation models. When the solvent is modeled by a dielectric continuum, its effect on the molecular properties of the solute can be calculated using high-level quantum mechanical methods. However, the influence of specific interactions is not taken into account, which demands special considerations, in special regarding the possible solute-solvent hydrogen bonds. Discrete models based on a combined molecular mechanics ͑MM͒ and quantum mechanics ͑QM͒ approach provide a more detailed description of the solvent structure and the solute-solvent interaction. In particular, the role of the hydrogen bonds and the intrinsic statistical nature of the liquid structure can be appropriately considered by Monte Carlo ͑MC͒ simulation. A statistical analysis can be employed sampling statistically relevant configurations for subsequent QM calculations. 37 Usually several QM calculations are necessary to obtain the average property. A possibility that has been successfully considered recently is whether it is possible to use these statistically uncorrelated configurations to obtain an average solutesolvent configuration such that just one single QM calculation could reproduce the average property. 38 This possibility will be further explored here in obtaining isotropic shielding constants.
The solvent effects on the nuclear shielding constants can conveniently be divided 39 as
where ⌬ bulk represents the macroscopic magnetic susceptibility of the solvent, while ⌬ anis arises from the anisotropy of the magnetic susceptibility of the solvent molecules close to the solute. ⌬ vdW accounts for the van der Waals interaction between the reference molecule and the solvent molecules and is usually the most difficult contribution to be obtained. ⌬ polar comes from electrostatic interactions between the reference and the solvent molecules. In the present work, we examine the relative importance of nonelectrostatic and electrostatic contributions to the solvent shift of the NMR shielding parameters of acetone. Acetone is a simple organic molecule that satisfies the basic condition of being stable in SCW and NW, and is systematically used as a probe of the supercritical environment. 5 Recently, the solvent shift of the nuclear magnetic shielding constants of acetone in NW has been the subject of several theoretical studies. [40] [41] [42] [43] [44] [45] Both ͑ 13 C͒ and ͑ 17 O͒ in vacuum and in NW are negative ͑deshield͒ but the solvent shifts are in opposite directions: the gas-to-NW shift in ͑ 13 C͒ is negative, whereas the gas-to-NW shift in ͑ 17 O͒ is positive. Experimental results 40, 46 give gas-to-NW shifts in 13 C and 17 O of −18.5 and 75.5 ppm, respectively. In the SC conditions, theoretical studies of the nuclear magnetic shielding constants are very scarce and this present work fills an important gap. On the experimental side, data on 13 C NMR chemical shifts of acetone in SC conditions have been presented by Takebayashi et al. 47 The measurements of the 13 C NMR chemical shifts in solution are generally carried out with an external reference and a direct comparison with experimental results is difficult. However, from the data reported in Ref. 47 , an experimentally inferred shift in ͑ 13 C͒, in changing from normal to supercritical condition, is estimated in the range of 9 -11 ppm. To make an appropriate comparison with available experimental results, we have computed the solvent effects on the shielding constants for both supercritical and normal conditions.
We have recently studied the UV-visible absorption spectrum of acetone in SC conditions. 48 It has been shown, for instance, that the solvatochromic shift of n-* electronic transition of acetone in SC condition is essentially given by the first solvation shell, as opposed to the NW condition that requires consideration of the solvent molecules in the outer shells. 48 The structural properties of the hydration shell around acetone are very different from those under ambient conditions and there is a sensitive reduction in the average number of hydrogen bonds between acetone and water. MC simulation 48 and indirect experimental results 5, 47 suggest that the number of hydrogen bonds for SCW in the near-critical regime is reduced to 30%-45% compared to NW. In the present work, we use the sequential Monte Carlo/quantum mechanics ͑S-MC/QM͒ methodology 37 to study the solvent effects on the nuclear magnetic shielding constants of acetone in water at both SC and normal conditions. The structures of the liquid composed by the solute and the solvent molecules in thermodynamic equilibrium were generated using MC simulations. The inclusion of the solute polarization by the solvent is made using an iterative procedure 49 and will be discussed in more detail later. We then analyze the influence of the solute-solvent hydrogen bonds and the solute polarization in the shielding constants. Finally, we verify that all values reported here are statistically converged. For the QM calculation of the shielding constants, we use density functional theory ͑DFT͒ that offers a good compromise 25, 50 between computational cost and accuracy for molecular properties in condensed phase.
II. CALCULATION DETAILS
MC simulations were performed in the isothermalisobaric NPT ensemble for 1 acetone molecule plus 700 water molecules, where the number of molecules N, the pressure P, and the temperature T are fixed. We have used the SC condition with P = 340.2 atm and T = 673 K, the same used in a previous experiment 5 and in the theoretical study of the solvatochromic shift of acetone in SCW. 48 Intermolecular interactions were modeled by the standard Lennard-Jones and Coulomb potential with three parameters for each interacting site. The choice of the potential for water has to be made carefully as it is likely to affect the quality of magnetic shielding results because the potential dictates the solvent structure around the solute. As our major interest here is the description of the magnetic properties of the solute in SCW condition, we have decided for the extended simple point charge 51 ͑SPC/E͒ model because it leads to a very good agreement with experiment for the critical point of water. 52, 53 For the acetone, we used the Lennard-Jones parameters of Gao 35 and the atomic charges were obtained using an electrostatic potential fit ͑CHELPG͒ 54 from a HF/ 6-311 + +G͑d , p͒ calculation, 55 as suggested. 56 Hence, we shall term this as the unpolarized model of the solute. The solventdependent electronic polarization of the solute will also be considered in this work. The most important geometry relaxation of acetone in water is the lengthening of the C v O group, derived from the interaction with the hydrogenbonded water. Hence, the solute geometry used as the input for all MC simulation was optimized in the presence of one explicit water molecule in order to include some geometry relaxation in solution. 45, 55 All MC simulations have been performed using the DICE program. 57 A more detailed description of the simulation procedure used here is given elsewhere. 48 All QM calculations were performed using GAUSSIAN 03. 58 We now discuss the solute polarization by the solvent. Implicit polarization has been a standard practice 56 but there is a demand for a more systematic procedure. This topic has deserved considerable attention recently. There are now several suggestions for including polarization effects. 59 An interesting suggestion uses the explicit introduction of manybody effects via molecular polarizabilities in the classical potential. 45, 59 Following previous studies, 49 we have iteratively applied the S-MC/QM methodology for obtaining the in-solution polarization of acetone in the presence of the solvent both at the supercritical and normal conditions. The iterative procedure aims at polarizing the solute molecule to attain electrostatic equilibrium with the solvent. 49 An important aspect is that it is solvent dependent. The polarization is made for the solute in the presence of the solvent in a given condition. First, the configurations of the liquid are generated by MC simulation using the atomic charges obtained from the initial gas phase calculation. Next, statistically uncorrelated configurations are separated to calculate the average atomic charges of the solute atomic sites in the presence of the solvent molecules treated as point charges of the SPC/E model. In this work, the atomic charges are obtained using the electrostatic mapping of CHELPG 54 at the B3LYP/ 6-311+ + G͑2d ,2p͒ level of calculation. Another simulation is then performed with these average atomic charges, a new sampling is made and another set of QM calculations are performed to obtain new values of the atomic charges. This procedure is repeated until the convergence of the solute average dipole moment in-solution. From the electrostatic point of view, this is a consistent iterative procedure in which the solvent molecules are also permitted to rearrange in different structures around the solute until the charge density of the solute will be in electrostatic equilibrium with the environment.
In all QM supermolecular calculations, we have used statistically uncorrelated configurations that were sampled using the correlation interval obtained by the autocorrelation function of the energy, as in previous works. 37, 55, 60, 61 Test calculations have shown that statistically converged results for the isotropic shielding constants can be obtaining using ϳ50 uncorrelated configurations. Previous calculations of shielding constants of organic molecules have discussed the model requirements necessary for accurate descriptions. [62] [63] [64] [65] For supermolecular systems, the use of DFT has shown to be a good compromise between accuracy and computational effort [40] [41] [42] [43] [44] [45] 63 allowing the explicit inclusion of several solvent molecules. In this work, we first use the B3LYP ͑Refs. 66 and 67͒ and PBE1PBE ͑Ref. 68͒ functionals. After verifying that they give similar results, we adopt only the B3LYP hybrid functional with the 6-311+ + G͑2d ,2p͒ Gaussian basis set that has shown to be a good theoretical model for the calculation of chemical shifts. 25 As the chemical shifts from normal to SCW might be of the same order as the errors involved in DFT calculations, it is important that the same theoretical level be used in the two thermodynamic conditions. All calculations of the shielding constants have been made using gauge-including atomic orbitals 62,69 ͑GIAO͒ as implemented in the GAUSSIAN 03 package. 57 Finally, we emphasize that all average results presented here are statistically converged, similar to previous studies. 36, 37, 55, 60, 61 
III. RESULTS AND DISCUSSION
A. Isotropic shielding of acetone in gas phase Table I presents the B3LYP/ 6-311+ + G͑2d ,2p͒ and the PBE1PBE/ 6-311+ + G͑2d ,2p͒ results for the isotropic shielding constants of isolated acetone calculated using two geometries. One is optimized in vacuum and another is optimized with one water molecule interacting by a hydrogen bond, which tries to mimic the in-water situation. The lengthening of the CO bond length in solution leads to a reduction of both iso ͑ 17 O͒ and iso ͑ 13 C͒, as previously noted. 45 A larger indirect solvent shift ͑evaluated as the difference between the shielding constants calculated with the in-vacuum and in-water geometries͒ estimated in −6.21 ͓−6.26͔ ppm is found for ͑ 17 O͒ whereas for ͑ 13 C͒ this shift is only −1.50 ͓−1.48͔ ppm using B3LYP ͓PBE1PBE͔ method. For ͑ 17 O͒, in particular, Aidas et al. 45 have shown that an increase of 0.01 Å in the CO bond length gives a more substantial reduction of 12 ppm, indicating the importance of accurate liquid-phase geometry to obtain reliable gas-to-liquid shift. One can see, in addition, that the ͑ 13 C͒ values are dependent of the DFT model but the indirect solvent effects predicted by both B3LYP and PBE1PBE functionals for ͑ 13 C͒ and ͑ 17 O͒ are equivalent.
B. Isotropic shielding of acetone in normal and supercritical water
We now study the solvent dependence of the magnetic shielding of acetone in NW and SCW. Two procedures will be used in this section. First, we sample 100 statistically uncorrelated configurations composed of the acetone molecule and a certain number of explicit water solvent molecules. Normally just a few explicit solvent molecules are used because of the computational effort and the local character of the shielding constant. Table II shows the results using one unpolarized acetone with the in-water geometry TABLE I. Results for the isotropic shielding constants ͑in ppm͒ of isolated acetone obtained at B3LYP and PBE1PBE levels using the 6-311+ +G͑2d ,2p͒ basis set.
Gas phase geometry
In-water geometry 
surrounded by ten explicit water molecules in both thermodynamic conditions and using the two DFT models considered. It can be seen that the two DFT models give similar results for the isotropic ͑ 17 O͒ shielding constants although somewhat different results for ͑ 13 C͒. However, note that again they give essentially the same result for the chemical shift. This is the case for the chemical shift in both thermodynamic conditions. For instance, the chemical shift of ͑ 13 C͒ in changing from normal to supercritical water, ⌬ = SCW − NW , is 5.2 ppm ͑B3LYP͒ and 5.3 ppm ͑PBE1PBE͒. However, they are both smaller than the experimental shift of 9 -11 ppm. 47 Comparison between the chemical shifts for other molecules obtained using different functionals have led to similar conclusions. 20, 45, 63 All the results to be obtained next will then use only the B3LYP/ 6-311 + +G͑2d ,2p͒ model. Second, to estimate the relative contribution of the electrostatic and nonelectrostatic interactions of the solvent effects on the magnetic properties, we have selected supermolecular structures from the MC simulation with a small number of explicit water molecules in the vicinity of the O atom. However, these explicit solvent molecules are now embedded in the outer solvent molecules treated as point charges. Specific radii ͑r c ͒ between the O of acetone and the O of H 2 O are used to determine the number of water molecules. For r c = 4.15 and 4.55 Å, respectively, we have structures with 3 ͓6͔ and 4 ͓10͔ water molecules in SCW ͓NW͔. The B3LYP/ 6-311+ + G͑2d ,2p͒ results of the magnetic properties obtained using these structures embedded in the outer solvation shell composed of 320 water molecules treated as simple point charges ͑of the SPC/E model͒ are then presented in Table III. Comparing the results obtained in  Tables II and III In all calculations, the explicit water molecules are embedded in a solvation shell of 320 water molecules treated as simple point charges. experimental value of 9 -11 ppm. This is indicative that using only the first nearest neighbor solvent molecules is, in this case, a good approximation.
C. Influence of the solute-solvent hydrogen bonds on the isotropic shielding
The preceding results of Table III showed the contribution of the nearest water molecules to the isotropic shielding of acetone in water. These nearest solvent molecules are selected on the basis of a simple geometric criterion derived from the radial distribution function. However, in the case of hydrogen bonds, an additional criterion is necessary because it cannot be assured that all the nearest water molecules are indeed hydrogen bonded to the solute. Solute-solvent hydrogen bonds can be important in understanding conformational stability 70 in different solvents as detected in NMR experiments. 71 The theoretical models to analyze the role of hydrogen bonds in nuclear magnetic shielding has recently been scrutinized. 72 Here, to analyze the influence of the hydrogen bonds in the isotropic nuclear magnetic shielding of acetone in water, in addition to the geometric criteria ͑radial and angular distribution functions͒, we used also an energetic criterium 48 to find an average of 0.7 solute-solvent hydrogen bonds in SCW and 1.6 in NW. The most probable value ͑maximum͒ in the statistical distribution in the case of SCW is one hydrogen bond. It is now of interest to calculate the influence of these hydrogen-bonded water molecules to the isotropic shielding and compare with that obtained using the nearest water. These results are given in Table IV that gives the average shielding constants obtained from the supermolecular structures in which acetone forms one hydrogen bond with water and are embedded in the outer water molecules treated as simple point charges. A sizable change can be seen for the ͑ 17 O͒ even in the SCW condition. The value of −301.62 ppm is reduced to −292.83 ppm when water is hydrogen-bond to acetone. Our results, in addition, corroborates that the hydrogen bond contribution to the total solvent shift is larger for ͑ 17 O͒ than for ͑ 13 C͒, as expected. The difference between the ͑ 17 O͒ values calculated with the hydrogen bonded water and the nearest water is 8.8 ppm in SCW and 11.9 ppm in NW. This indicates that the proper ͑statistical͒ location of the hydrogen-bonded water molecule is important and cannot be replaced by a nearest neighbor and, in fact, not even by a geometry-optimized configuration. Now we analyze the relative importance of these hydrogen bonded configurations to the total chemical shift. Comparing the results with those given in Table I for the isolated acetone, we obtain a gas-to-water chemical shift of −14.5 ppm for ͑ 13 C͒ and 80.8 ppm for ͑ 17 O͒ in the case of NW. The corresponding numbers for the nearest water are −16.4 and 92.6 ppm. These numbers should now be compared with the experimental shifts of −18.5 and 75.5 ppm, respectively. In the case of ͑ 17 O͒, the hydrogen-bonded structures give a better picture compared to the experiment. The chemical shift for the NW-SCW change is only 4 ppm in the case of the ͑ 13 C͒, where the available experimental value is 9 -11 ppm. As we will see, the overall picture will also be improved after including the polarization effect.
D. Influence of the solute polarization on the isotropic shielding
In the previous sections, the MC simulations were performed using a solute charge distribution without solute polarization. To account for the solute electronic polarization, we now use the iterative procedure, described in Sec. II, based on the S-QM/MM methodology to determine the insolution dipole moment of acetone in both supercritical and normal conditions. In both cases, we start the iterative procedure from the atomic charges obtained in the HF/ 6-311 + +G͑d , p͒ calculations. Table V gives the B3LYP/ 6-311 + +G͑2d ,2p͒ results for the average dipole moment and atomic charges of acetone in-water in the iterative polarization procedure. Each average dipole moment value, corresponding to a statistically converged result, is obtained with 100 statistically uncorrelated configurations. Instead of performing 100 QM calculations for each one of the configurations we use an average solvent electrostatic configuration ͑ASEC͒ to obtain the same statistical average with just one QM calculation. 38 As shown in Table V , for SCW the convergence of the dipole moment with respect to the number of iterations is faster because of the lower density of water. 
and the hydrogen-bonded ͑HB͒ water, in the supercritical and normal conditions. The shielding values were obtained as average over 50 uncorrelated configurations in which the acetone makes one hydrogen bond with water. Uncertainty shown is the statistical error. In all calculations the explicit water molecules are embedded in a solvation shell of 320 water molecules treated as simple point charges. 034502-5 Nuclear magnetic shielding constants of acetone in supercritical water J. Chem. Phys. 129, 034502 ͑2008͒ Figure 2 shows the variation of the dipole moment along the iterative process in the two cases. Our converged results give a dipole moment for polarized acetone of 4.0 D ͓5.2 D͔ in SCW ͓NW͔. For comparison, the converged result in SCW ͓NW͔ is 11% ͓46%͔ larger than the corresponding result obtained for the gas phase of 3.59 D. In NW, the converged dipole moment of 5.2 D is slightly larger ͑0.4 D͒ than that reported in a previous work 49 with MP2/aug-cc-pVDZ level of calculation. We attribute this to the tendency of B3LYP to give slightly larger dipole moments. 73 The results in Table V are consistent, giving a minor increase in the negative charge of the O atoms in the SCW environment and a slightly larger increase in the case of NW. In this case, the charge of the O atom becomes more negative and its magnitude is enhanced by 21%. Figure 3 17 O͒ values, in comparison with the corresponding results using gas phase implicit polarization ͑see Table VI͒. The shielding effect of ͑ 17 O͒ reflects the influence of the number of hydrogen bonds formed between acetone and water after the inclusion of solute polarization effect. In the polarized solute situation, the average number of hydrogen bonds formed between acetone and water in the supercritical and ͓normal͔ conditions is 0.7 and ͓2.4͔. Thus, comparing with the unpolarized results of Sec. III C we note that the number of solute-solvent hydrogen bonds in the polarized solute is TABLE VI. Dependence of the isotropic shielding constants ͑in ppm͒ with the solute polarization for acetone in normal and supercritical water. Only the iterations 0 ͑unpolarized͒ and 5 ͑polarized͒ are shown. The calculated values, using B3LYP/ 6-311+ + G͑2d ,2p͒ method, were obtained with the ASEC with 100 uncorrelated configurations ͑see text͒. P = 1.0 atm and T =298 K P = 340.2 atm and T = 673 K O ͑bottom͒ isotropic shielding constants of acetone in water at supercritical and normal conditions, during the iterative procedure for including solute polarization. TABLE V. B3LYP/ 6-311+ + G͑2d ,2p͒ results for the atomic charges ͑in e͒ and dipole moment ͑in D͒ of acetone in water at supercritical and normal conditions, during the iteration procedure of its in-solution polarization. The calculated values were obtained with the ASEC with 100 uncorrelated configurations ͑see text͒. the same for SCW but it increases 50% for NW. Solute polarization is thus very important for the NMR shielding constants in NW, although it has only a mild effect in the SC condition.
E. Chemical shifts from normal to supercritical water
We now briefly analyze the chemical shift involved in the gas and liquid situations. First, we analyze the chemical shift in going from gas to normal or supercritical water: ⌬ = sol − vac . From the statistically uncorrelated configuration obtained using the gas phase unpolarized models for the solute, the gas-to-SCW ͓gas-to-NW͔ shift in ͑ 13 C͒ is obtained as −9.10Ϯ 0.53 ppm ͓−16.62Ϯ 0.39 ppm͔. The corresponding converged values for the in-solution polarized acetone give a gas-to-SCW ͓gas-to-NW͔ shift of −10.13Ϯ 0.39 ppm ͓−21.86Ϯ 0.41 ppm͔. Our B3LYP/ 6-311+ + G͑2d ,2p͒ result for the solvent shift in NW, obtained with unpolarized acetone, compares well with the experimental result of −18.5 ppm, 40, 46 while that obtained with explicit polarization is also in good agreement but is slightly larger. 74 Aidas et al. 45 have shown that neglecting the explicit hydrogen bonding leads to an underestimation of the ͑ 17 O͒ solvent shift. However, using structures generated from molecular dynamics including explicit polarization of the solute and the solvent they have obtained a chemical shift of −80.5 ppm in very good agreement with experiment. Pavone et al. 74 using CPMD obtained a result that is very similar to the one we obtained here and only after amending for indirect effects very good result ͑80.0 ppm͒ was obtained. For comparison, test MP2 / 6-311 + +G͑2d ,2p͒ calculations were also performed in this present study. These give gas-to-SCW ͓gas-to-NW͔ shifts in ͑ 13 C͒ with implicit and explicit solute polarization, respectively, of −9. 17 O͒, in particular, the present solvent shift of the polarized acetone in NW is 10.5 ppm larger than that previously reported using the SPC model. 38 The SPC/E model has the advantage that it correctly reproduces the critical point of water and is thus very appropriate for SCW but its performance for dealing with isotropic shielding in general is not known.
Finally, we now analyze the chemical shift in going from normal to supercritical water: ⌬ = SCW − NW . In this case, the solvent shift in ͑ 13 C͒ and in ͑ 17 O͒ are in opposite directions: the NW-to-SCW shift in ͑ 17 O͒ is negative while the NW-to-SCW in ͑ 13 C͒ is positive. For ͑ 13 C͒, our result using solute polarization gives a NW-to-SCW shift of 11.73Ϯ 0.59 ppm in very good agreement with the inferred experimental result of 9 -11 ppm. 47 The unpolarized result of 7.52Ϯ 0.53 ppm is somewhat too small. The corresponding shifts in ͑ 17 O͒ is −79.20Ϯ 3.20 ppm with the polarized and −47.73Ϯ 3.45 ppm with the unpolarized models. Unfortunately in the case of ͑ 17 O͒ we could not find the corresponding experimental result for comparison. In Fig. 4 , we give the statistical distribution of chemical shifts of the ͑ 13 C͒ and ͑ 17 O͒ for the NW-to-SCW obtained using the in-solution polarized solute model.
IV. CONCLUSION
Using metropolis NPT MC simulation and QM calculations based on GIAO-B3LYP/ 6-311+ + G͑2d ,2p͒ method the 13 C and 17 O isotropic nuclear shielding constants of acetone in SC and NW have been studied. Statistically uncorrelated configurations have been sampled from MC simulations to be used in quantum mechanical calculations of the isotropic shielding. The solute polarization by the solvent has been included using an iterative procedure leading the solute molecule to electrostatic equilibrium with the solvent. The solvent effects on the shielding constants are largely domi- 
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Nuclear magnetic shielding constants of acetone in supercritical water J. Chem. Phys. 129, 034502 ͑2008͒ nated by the electrostatic interactions and good results are obtained considering the solvent water molecules as simple point charges. In the supercritical condition, the solvent polarization effects are less significant and quantitative estimates of solvent shifts on the shielding constants can be obtained with an unpolarized model. In normal water, the solute polarization is significant and affects the shielding constants markedly, in special for the ͑ 17 O͒. The results with the solute polarization give a gas-to-NW shift in ͑ 13 C͒ of −21.9Ϯ 0.41 ppm in comparison with the experimental result of −18.5 ppm. The solute polarization of acetone in water is crucial for a reliable description of the solvent shift in ͑ 17 O͒ in normal water. For polarized acetone, the 17 O chemical shift, changing from normal to supercritical condition, is estimated to be −79.2Ϯ 3.2 ppm but apparently there are no experimental results available for comparison. However, for the 13 C, changing from normal to supercritical condition, with solute polarization, the chemical shift obtained here is 11.7Ϯ 0.6 ppm in very good agreement with the inferred experimental results of 9 -11 ppm.
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